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PAVEMENT  MAINTENANCE  MANAGEMENT: 
THE  MICRO  PAVER  SYSTEM 


1  INTRODUCTION 


Objective 

The  objective  of  this  work  was  to  develop  an  airport  Pavement  Management  System 
(PMS)  for  use  on  IBM*-compatible  personal  computers.  Funded  primarily  by  the  Federal 
Aviation  Administration  (FAA),  the  system  was  to  be  tailored  after  the  mainframe 
PAVER  system  now  used  by  the  U.S.  Army,  Air  Force,  Navy,  and  the  American  Public 
Works  Association  (APWA). 

The  objective  of  this  report  is  to  introduce  the  PMS  concepts  used  in  the  Micro 
PAVER  program.  The  use  of  Micro  PAVER  as  a  tool  in  prioritizing  projects,  scheduling 
inspections,  determining  present  and  future  network  condition,  determining  maintenance 
and  rehabilitation  needs,  budget  planning,  and  economic  analysis  will  also  be  discussed. 


Background 

Experienced  pavement  engineers  have  acknowledged  that  the  life  of  a  well 
maintained  pavement  could  be  two  or  three  times  longer  than  that  of  a  poorly  maintained 
one.  In  the  past  several  years,  many  agencies  have  directed  research  toward  developing 
Pavement  Management  Systems  to  select  the  most  cost-effective  Maintenance  and 
Repair  (M&R)  alternatives  and  identify  the  optimal  time  of  application.  In  September 
1982,  the  FAA  published  an  Advisory  Circular,  AC  150/5380-6,  which  outlined  the 
procedures  and  guidelines  for  airport  pavement  maintenance.  The  pavement  condition 
rating  used  in  these  guidelines  is  the  Pavement  Condition  Index  (PCI)  developed  by  the 
U.  S.  Army  Construction  Engineering  Research  Laboratory  (USA-CERL)  and  implemented 
by  the  Army  and  Air  Force  to  monitor  the  condition  of  their  airfield  pavements.  The  PCI 
is  the  foundation  for  the  Pavement  Maintenance  Management  System  known  as  PAVER. 

PAVER  was  developed  by  USA-CERL  under  the  auspices  of  Headquarters,  U.S. 
Army  Corps  of  Engineers  (HQUSACE)  through  funding  from  the  Army  and  Air  Force.  It 
was  designed  to  operate  on  mainframe  computers  for  use  by  military  installations, 
municipalities,  airports,  and  counties,  and  was  adopted  by  the  APWA.  PAVER  was  field 
tested  and  validated  at  Fort  Eustis,  Virginia,  through  a  full-scale  implementation 
monitored  by  21  pavement  engineers.  In  the  past  10  years,  it  has  been  implemented,  or 
is  in  the  process  of  being  implemented,  at  over  60  military  installations  and  45 
municipalities.  Details  of  the  system's  development  and  the  results  of  an  economic 
analysis  of  its  implementation  have  been  documented.1 


*1BM  is  a  registered  trademark  of  International  Business  Machines. 

‘M.  Y.  Shahin  and  S.  D.  Kohn,  Paj/ement  Maintenance  Management  for  Roads  and 
Parking  Lots,  Technical  Report  M-294/ADA1 10296  (U.S.  Army  Construction  Engineering 
Research  Laboratory,  October  1981);  M.  Y.  Shahin  and  S.  D.  Kohn,  Overview  of  ttje 
"PAVER"  Pavement  Management  System  and  Economic  Analysis  of  Field  Implementing 
the  "PAVER"  Pavement  Management  System,  technical  Manuscript  M-310/ADA11631 1 
(U.S.  Army  Construction  Engineering  Research  Laboratory,  March  1982). 


Approach 

In  the  beginning  of  Fiscal  Year  1985,  through  funding  from  FAA  and  In  response  to 
the  rapid  technological  improvements  in  the  microcomputer  industry,  the  increased  use 
of  the  microcomputer  in  management,  and  the  often  prohibitive  mainframe  PAVER  costs 
for  small  data  base  users,  USA-CERL  began  to  develop  an  airport  PMS  for  use  on  IBM- 
compatible  personal  computers.  The  system  was  intended  to  be  similar  to  the  mainframe 
PAVER  program,  and  was  to  meet  the  following  minimum  requirements: 

1.  Use  the  FAA  guidelines2  to  divide  airfield  pavements  into  uniform  sections  and 
to  perform  the  PCI  procedure. 

2.  Store  the  pavement  condition  history  based  on  the  PCI  method. 

3.  Store  the  pavement  construction  and  maintenance  history. 

4.  Store  the  nondestructive  deflection  test  results  necessary  to  determine  overlay 
design  thicknesses. 

5.  Generate  reports  at  the  airport  network  level  for  budget  planning,  inspection 
scheduling,  and  determining  overall  pavement  condition  at  any  given  time. 

6.  Allow  for  project  level  analysis  (including  determining  M&R  requirements  and 
costs)  and  perform  economic  analysis  among  the  various  maintenance  alternatives. 

The  level  at  which  the  requested  system  was  to  meet  the  above  requirements  was 
to  be  limited  only  by  the  capabilities  of  currently  available  commercial 
microcomputers.  To  help  collect  input  data  and  to  assure  the  usability  of  the  final 
product,  a  "user's  group"  was  to  be  established  which  was  to  consist  of  various  state  and 
local  airport  authorities  whose  primary  responsibility  would  be  to  assist  in  the  direction 
of  the  program  development. 

This  report  denotes  completion  of  this  task.  Version  1.0  of  the  Micro  PAVER 
Pavement  Maintenance  Management  System  has  been  released  to  program  sponsors  at 
FAA  and  is  being  distributed  to  users  through  the  APWA  and  the  University  of  Illinois 
Pilot  Strategic  Support  Center  (PSSC). 

USA-CERL  continues  to  develop  technological  improvements  and  additional 
capabilities  for  the  program.  Updated  versions  of  the  program  and  corresponding 
documentation  will  become  available  to  Micro  PAVER  users  as  improvements  are 
completed. 


Mode  of  Technology  Transfer 

The  Micro  PAVER  program  has  potential  application  in  both  the  military  and 
civilian  communities.  The  program  is  available  to  users  through  the  APWA  and  the 
University  of  Illinois  PSSC.  The  Micro  PAVER  program  will  be  incorporated  into  the 
Pavement  Management  Short  Course  cosponsored  by  the  University  of  Illinois, 
Department  of  Civil  Engineering;  USA-CERL;  and  the  Facilities  Engineering  Support 


2Advisory  Circular  (AC)  150/5380-6  Guidelines  and  Procedures  for  Maintenance  of 
Airport  Pavements  (Federal  Aviation  Administration,  December  1982). 


Agency  (FESA)  in  the  Spring  of  1987.  Military  use  of  the  PAVER  and  Micro  PAVER 
systems  will  be  incorporated  into  the  revision  of  Army  Regulation  (AR)  420-72 3  and 
Technical  Manual  (TM)  5-623\  As  additional  capabilities  and/or  technologies  are  added 
to  the  Micro  PAVER  program,  updated  versions  of  the  program  and  corresponding 
documentation  will  be  made  available. 


3 Army  Regulation  (AR)  420-72,  Facilities  Engineering  Surfaced  Areas,  Railroads  and 
Associated  Structures  (Headquarters,  Department  of  the  Army,  24  March  1976). 
Technical  Manual  (TM)  5-623,  Pavement  Maintenance  Management  (Headquarters, 
Department  of  the  Army,  November  1982). 
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2  PAVEMENT  MAINTENANCE  MANAGEMENT  CONCEPTS 


As  the  cost  of  rehabilitating  and  repairing  the  pavement  infrastructure  in  the 
United  States  continues  to  escalate,  the  civil  engineering  community  has  begun  to  focus 
its  attention  on  developing  tools  to  assist  in  the  cost-effective  management  of  their 
M&R  dollars.  USA-CERL  recognized  this  need  as  early  as  1968  and  began  developing  the 
PAVER  Pavement  Maintenance  Management  System.  The  maintenance  management 
concepts  presented  in  this  chapter  were  generated  during  the  development  of  the  PAVER 
system  and  are  used  in  both  the  PAVER  and  Micro  PAVER  programs. 


Approaches  to  Determining  Facility  M&R  Needs 

Various  agencies  in  the  United  States  use  different  approaches  to  determine  the 
necessary  maintenance  and  rehabilitation  for  a  given  facility.  This  section  briefly 
describes  the  three  most  common  approaches. 

Many  agencies  use  the  "ad  hoc"  approach.  In  this  approach,  the  agency  staff 
applies  the  M&R  alternative  that  their  experience  suggests  is  the  best  solution. 
Evaluation  suggests  that  this  approach  results  in  the  seemingly  habitual  application  of  a 
few  selected  alternatives.  A  major  drawback  to  this  approach  is  that  because  of  the 
limited  set  of  alternatives,  the  best  or  most  economical  option  for  the  facility  under 
consideration  may  not  be  selected. 

The  second  approach  is  the  "present  condition"  approach.  In  this  approach,  the 
facility  is  first  evaluated  by  means  of  various  condition  indicators.  Based  on  an  analysis 
of  these  indicators,  an  M&R  alternative  is  selected  to  address  the  condition;  however, 
no  life-cycle  cost  comparisons  of  the  alternatives  are  considered.  A  major  advantage 
of  this  approach  is  that  the  prescribed  M&R  alternative  directly  addresses  the 
deficiencies  found  in  the  facility.  The  disadvantage  is  that  the  choice  may  not  be  the 
most  cost-effective  method. 

The  preferred  "life-cycle"  approach  requires  not  only  an  indepth  evaluation  of  the 
facility  under  consideration,  but  a  prediction  of  its  future  condition.  This  ensures 
selection  of  the  most  economical  M&R  alternative,  as  determined  on  a  life-cycle  cost 
basis.  Predicting  the  future  condition  requires  the  ability  to  measure  the  condition  on  an 
objective,  repeatable  scale,  such  as  the  Pavement  Condition  Index  (PCI)  shown  in 
Figure  1.* 

The  PCI,  a  numerical  index  from  0  to  100,  is  a  composite  index  of  a  pavement's 
structural  integrity  and  operational  condition.  It  was  developed  to  agree  closely  with  the 
collective  judgment  of  experienced  airfield  pavement  engineers  and  is  based  on  an 
objective  measurement  of  distress  type,  severity,  and  quantity.  The  PCI  is  repeatable 
within  5  points,  with  95  percent  confidence,  and  has  been  mandated  by  the  Air  Force  for 
selecting  M&R  projects  and  adopted  by  the  FAA  for  use  by  civilian  airports. s  By 
projecting  the  rate  of  change  on  such  a  condition  scale,  a  meaningful  life-cycle  cost 
analysis  can  be  performed  to  compare  the  various  M&R  alternatives  and  the  future 
maintenance  costs  associated  with  each.  Not  only  is  the  best  M&R  alternative  selected, 
but  the  optimal  time  of  application  is  also  determined. 


♦Figures  and  tables  are  listed  beginning  on  page  14. 
5FAA  Advisory  Circular  150/5380-6. 
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This  is  critical  to  avoid  higher  M&R  costs  caused  by  excess  deterioration.  Figure  2 
shows  the  typical  condition  deterioration  of  a  facility  and  the  relative  cost  of 
rehabilitation  at  various  points  throughout  its  life.  The  illustration  clearly  shows  that 
the  optimum  time  for  rehabilitation  is  when  deterioration  begins  to  occur  at  a  much 
faster  rate  than  when  the  facility  was  initially  constructed. 


Project  vs  Network  Maintenance  Management 

Selecting  M&R  alternatives  for  a  given  project  is  known  as  project-level  analysis. 
Each  project  is  analyzed  and  the  best  alternative  selected,  regardless  of  the  needs  of 
other  projects.  Engineers  have  always  been  trained  to  work  at  the  project  level,  which 
may  be  acceptable  as  long  as  money  is  abundant.  However,  money  for  M&R  is  often  not 
abundant.  Top  management  is  now  demanding  fiscal  year  budget  projections  that 
consider  the  agency's  entire  network.  This  cannot  be  done  with  current  resources  if  an 
indepth  evaluation  must  be  completed  for  each  project  before  preparing  required 
budgets.  Instead,  each  facility  must  be  inspected  in  less  detail  and  at  a  faster  rate 
before  projects  are  identified.  This  is  referred  to  as  network-level  inspection.  After  a 
facility  is  selected  as  a  candidate  project,  it  is  scheduled  for  an  indepth  evaluation  and 
selection  of  a  specific  strategy. 


Components  of  Maintenance  Management  Systems 

This  section  describes  the  generic  maintenance  management  components  developed 
for  PAVER  and  applied  to  the  Micro  PAVER  program  development.  These  components, 
shown  in  Figure  3,  are  also  being  used  to  develop  systems  for  built-up  roofing,  railroads, 
and  other  civil  works  structures. 

The  first  step  is  to  determine  what  is  being  managed.  This  simply  means 
developing  a  network  inventory,  such  as  the  number  and  area  of  pavement  sections  that 
the  agency  is  responsible  for  maintaining.  The  pavement  network  should  be  divided  into 
sections  that  represent  the  minimum  fraction  for  which  major  M&R  decisions  are 
required.  For  example,  the  pavement  on  one  street  may  be  divided  into  three  sections, 
based  on  construction  history,  pavement  structure,  and  traffic.  The  inventory  can  also  be 
used  to  store  each  section's  physical  dimensions.  More  importantly,  the  inventory  should 
include  the  condition  of  each  section  in  the  network. 

Although  developing  the  network  inventory  is  one  of  the  most  tedious  steps  in 
initiating  a  maintenance  management  system,  it  is  the  most  crucial  step  because  it 
establishes  the  foundation  for  the  system.  Once  the  network  inventory  is  correctly 
prepared,  it  need  not  be  repeated. 

Without  an  efficient  filing  system,  massive  data  collection  can  only  lead  to 
confusion  and  waste  of  resources.  For  a  small  network,  a  manual  filing  system  could 
probably  be  established.  However,  with  the  current  advances  in  technology,  the  use  of 
computerized  data  bases  for  easy  data  storage  and  access  is  within  the  reach  of  every 
agency.  When  storing  data,  every  effort  should  be  made  to  ensure  the  data  are 
accurate.  Data  should  be  reviewed  and  screened  before  being  entered  into  the  data  base, 
and  checked  again  after  their  entry  to  ensure  data  integrity. 

Developing  the  network  inventory  and  establishing  the  data  base  represent  the 
major  effort  required  to  initiate  a  maintenance  management  system.  The  remaining 
components  represent  the  payoff  from  these  efforts. 


In  network  analysis,  current  and  future  needs  are  determined  at  the  network  level. 
The  most  important  step  in  accurately  analyzing  network  needs  is  projecting  the  future 
condition  of  each  section.  This  projection  provides  the  input  needed  to  perform  two 
tasks:  (1)  identify  the  future  frequency  of  inspection  for  various  sections,  and  (2)  iden¬ 
tify  sections  requiring  major  M&R  in  future  years. 

Identifying  the  inspection  frequency  depends  not  only  on  the  absolute  or  minimum 
allowable  condition  of  a  given  section,  but  also  on  each  section's  rate  of  deterioration. 
Sections  with  higher  deterioration  rates  should  be  scheduled  for  more  frequent 
inspection.  Determining  which  sections  require  major  M&R  in  future  years  can  be  based 
on  the  section's  minimum  allowable  conditions.  Another  sophisticated  approach  is 
based  on  optimization  techniques  that  ensure  least  cost  or  maximum  benefit/cost  ratio 
for  the  agency  while  meeting  certain  minimum  condition  management  constraints.  The 
actual  budget  for  each  future  year  can  then  be  determined  based  on  the  average  relation 
between  condition  and  M&R  cost. 

As  the  maintenance  management  system  is  put  to  use,  identified  future  budget 
needs  are  likely  to  be  a  significant  input  toward  allocating  the  current  year's  budget. 
Comparing  the  agency's  prioritization  preference  with  the  actual  budget  then  produces  a 
list  of  potential  projects  that  are  candidates  for  M&R  in  the  current  program  year.  This 
then  provides  the  link  with  project-level  analysis. 

In  the  project-level  analysis,  each  section  identified  in  the  network  analysis  as  a 
candidate  for  M&R  in  that  year  should  be  subjected  to  a  detailed  condition  survey, 
including  destructive  and  nondestructive  testing  as  needed.  The  results  of  these  detailed 
surveys  are  then  used  to  select  M&R  alternatives  which  prevent  the  recurrence  of  the 
distresses  identified.  In  addition,  the  condition  of  adjacent  sections  should  be  reviewed 
to  determine  if  it  would  be  economical  to  combine  various  sections  into  one.  The  various 
identified  alternatives,  including  no  action,  should  be  compared  on  a  life-cycle  cost 
basis.  The  results,  combined  with  budget  and  management  constraints,  will  produce  the 
current  year's  final  M&R  program. 
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3  DEVELOPMENT  AND  CAPABILITIES  OF  THE  MICRO  PAVER  PROGRAM 


Developmental  Phases 

Micro  PAVER  development  was  broken  down  into  three  separate  phases:  (1)  pre¬ 
liminary  data  base  and  report  development,  (2)  field  testing,  and  (3)  final  development. 
The  entire  project,  including  field  testing,  was  scheduled  to  be  completed  in  October 
1986.  Details  relating  to  the  completion  of  each  phase  of  the  project  and  the  resulting 
capabilities  of  the  program  are  included  in  this  chapter. 

The  first  developmental  phase  consisted  of  three  primary  tasks:  selection  of  a  data 
base  manager,  data  element  definition,  and  preliminary  report  development.  Instead  of 
requiring  Micro  PAVER  users  to  purchase  a  particular  commercial  data  base  manager 
(and  because  the  program  was  to  be  distributed  without  royalty),  USA-CERL  developed  a 
data  base  manager.  Microrim,  Inc.  agreed  to  allow  USA-CERL  to  use  Microrim's  R:base 
5000  Program  Interface  as  the  structure  to  build  the  data  base  on.  This  method  enables 
the  user  to  run  the  Micro  PAVER  program  without  purchasing  any  R:base  products. 

Once  the  data  base  manager  was  established,  the  program's  data  elements  could  be 
defined.  Input  from  the  Micro  PAVER  User's  Group  was  critical  throughout  this  task. 
Applicable  data  elements  used  in  the  mainframe  PAVER  were  identified  and,  in  many 
cases,  modified  for  Micro  PAVER  due  to  recommendations  by  the  FAA  User's  Group. 

Five  data  entry  options  allow  organized  filing  and  storage  of  the  data  elements.  A 
listing  of  each  option  and  the  corresponding  data  elements  included  in  Version  1.0  of  the 
Micro  PAVER  program  is  included  in  Table  1.  As  program  development  continues, 
additional  data  elements,  including  traffic,  material  properties,  and  work  requirements 
will  be  added. 

The  final  task  in  the  first  phase  was  to  develop  the  computer  reports.  Based  on  the 
mainframe  PAVER  report  capabilities  documented  in  the  PAVER  Reference  Manual6  and 
Air  Force  Manuals7,  the  Micro  PAVER  reports  were  modified  to  make  report  generation 
easier  and  present  information  to  the  user  in  a  clear,  straightforward  manner.  The 
capabilities  of  each  report  included  in  Version  1.0  of  the  Micro  PAVER  program  are 
described  later  in  this  chapter.  Sample  outputs  for  each  report  are  also  presented. 

After  the  first  phase  of  program  development  was  completed,  a  test  version  of 
Micro  PAVER  was  prepared.  The  test  period  was  May  1986  through  the  end  of  July 
1986.  The  Micro  PAVER  User's  Group,  FESA,  USAHQCE,  U.S.  Army  Waterways  Experi¬ 
ment  Station,  and  the  APWA  participated  in  the  test. 

Before  receiving  the  test  program,  test  participants  attended  a  workshop  to 
familiarize  themselves  with  the  program.  They  were  given  hands-on  experience  on  all 
aspects  of  the  program,  including  data  entry  and  report  generation. 


6M.  Y.  Shahin  and  K.  A.  Cation,  PAVER  Reference  Manual,  ADP-356-2  (U.S.  Army 
Construction  Engineering  Research  Laboratory  and  U.S.  Army  Facilities  Engineering 
Support  Agency,  1986). 

7M.  Y.  Shahin,  S.  D.  Kohn,  M.  I.  Darter,  and  T.  D.  James,  "Development  of  a  Pavement 
Maintenance  Management  System,  Volumes  1  through  X,"  (November  1976  through  June 
1984). 


After  receiving  the  program,  each  participant  was  to  comment  on  the  technical 
accuracy,  ease  of  use,  usefulness  of  the  product,  and  additional  features  desired.  To  help 
users  during  the  test  period,  a  User's  Guide  was  drafted  and  included  in  the  test  as  an 
item  for  comment  and  review.  Comments  were  to  be  sent  to  the  system  developers  at 
USA-CERL  by  the  end  of  July  1986  for  possible  inclusion  in  Version  1.0  scheduled  to  be 
released  in  October  that  year. 

During  the  final  phase  of  program  development,  additions  and/or  changes  requested 
by  the  users  were  incorporated  into  the  program.  The  final  product  was  Micro  PAVER,  a 
user-friendly,  modified  version  of  the  mainframe  PAVER  program,  and  the  corresponding 
User's  Guide  which  were  released  to  the  FAA  in  October,  1986.  Widespread  distribution 
of  the  program  was  scheduled  to  begin  early  in  1987. 

Program  Capabilities 

The  Micro  PAVER  Pavement  Maintenance  Management  System  is  an  effective  tool 
for  identifying  M&R  needs  and  the  optimal  time  of  MicR  application.  Version  1.0 
capabilities  include  data  storage  and  retrieval,  pavement  network  inventory,  project 
prioritization,  determining  present  and  future  network  condition,  budget  planning, 
inspection  scheduling,  determining  M&R  needs,  and  economic  analysis.  In  this  section, 
each  Micro  PAVER  report  is  discussed  in  detail.  A  sample  output  from  each  is  included. 

Ten  reports  were  included  in  the  first  version  of  the  Micro  PAVER  program.  Each 
report  can  be  customized  by  the  user  so  that  only  the  particular  pavements  of  interest 
are  included  and  the  information  is  organized  according  to  the  user's  needs.  For 
information  on  how  to  use  these  features,  refer  to  the  Micro  PAVER  User's  Guide.8 

Pavement  Network  Inventory 

An  agency's  pavement  network  consists  of  all  surfaced  areas  that  provide 
accessways  for  ground  or  air  traffic;  including  roads  and  streets,  parking  areas,  runways, 
taxiways,  and  aprons.  Before  entering  data  in  a  Micro  PAVER  data  base,  the  pavement 
network  must  be  divided  according  to  the  guidelines  established  in  FAA  Advisory 
Circular  AC  150/5380-6.  In  summary,  the  following  divisions  must  be  made: 

1.  Branch  (Facility):  A  branch  is  defined  as  a  part  of  the  pavement  network.  It  is 
a  single  entity  and  has  a  distinct  function.  Typically,  a  separate  branch  is  identified  for 
each  runway,  taxiway,  or  apron  on  an  airfield,  and  each  road  or  street  for  a  municipality. 

2.  Section  (Feature):  A  section  is  defined  as  a  division  of  a  branch.  It  has 
consistent  characteristics  throughout  its  entire  length  or  area.  Important  characteristics 
to  consider  include  structural  composition,  construction  history,  traffic,  and  condition. 

3.  Sample  Unit:  Each  section  is  divided  into  smaller  units,  called  sample  units,  for 
pavement  condition  inspections.  The  recommended  size  for  sample  units  on  short  jointed 
concrete  pavements  (less  than  30  ft  between  joints)  is  approximately  20  slabs.  The 
recommended  size  for  asphalt  concrete  pavement  sample  units  is  approximately  2,500  sq 
ft  for  roads  and  streets,  and  5,000  sq  ft  for  airfield  pavements. 


aMicro  PAVER  User’s  Guide,  Version  1.0  (U.S.  Army  Construction  Engineering  Research 
Laboratory,  October  1986). 


Network  inventory  information  is  stored  in  the  Micro  PAVER  data  base  for  each 
defined  branch  and  section.  Two  reports  provide  a  list  of  the  stored  data.  The  List 
Report  (Figure  4)  identifies  the  branch  number,  branch  name,  and  number  of  sections  in 
each  of  the  branches  requested  by  the  user. 

The  Inventory  Report  (Figure  5)  provides  inventory  information  at  the  section 
level.  For  each  section  requested  by  the  user,  branch  and  section  number,  branch  name, 
branch  use,  section  category,  zone,  area,  and  surface  type  will  be  furnished. 

Project  Prioritization 

Once  PCI  condition  survey  data  have  been  entered  into  the  Micro  PAVER  data 
base,  pavement  sections  can  be  sorted  and  prioritized  according  to  their  need  for  M&R 
work.  The  PCI  Report  (Figure  6)  can  be  used  to  assist  in  ranking  pavement  sections. 
This  report  provides  both  branch  and  section  information  including  the  last  construction 
date,  last  inspection  date,  pavement  age,  and  latest  PCI.  Similar  types  of  pavements  can 
be  grouped  together  by  common  characteristics,  such  as  branch  use  and  functional 
classification,  and  ranked  within  those  groups  from  lowest  to  highest  PCI.  Based  on  the 
agency's  prioritization  scheme,  such  as  the  one  shown  in  Figure  7,  M&R  funding  dollars 
can  be  allocated  to  each  pavement  group. 

Determination  of  Present  and  Future  Network  Condition 

The  PCI  Frequency  Report  (Figure  8)  provides  the  user  with  an  indication  of  overall 
network  condition,  based  on  the  PCI  scale,  for  any  year(s)  requested.  This  projected 
condition  can  be  used  to  assist  in  planning  future  M&R  needs  and  to  inform  management 
of  present  and  future  network  conditions.  Future  conditions  are  currently  predicted  by  a 
straight  line  extrapolation  technique  (Figure  9)  for  all  Micro  PAVER  reports.  The 
maximum  slope  from  either  the  last  inspection  or  last  construction  date  is  used  to 
predict  future  PCIs  assuming  no  major  repairs  (such  as  slab  replacement  or  overlay)  have 
occured  between  the  last  inspection  and  prediction  dates.  This  allows  the  user  to 
identify  the  impact  on  overall  network  condition  of  performing  no  major  repairs. 
Improved  prediction  techniques  based  on  comprehensive  pavement  family  behavior 
characteristics  have  been  developed  at  USA-CERL  and  will  be  incorporated  into  the 
Micro  PAVER  program  in  a  future  program  update. 

Budget  Planning 

The  Budget  Planning  Report  (Figure  10)  is  used  to  produce  a  5-year  estimate  for 
planning  the  annual  expenditures  required  to  maintain  pavements  above  a  user-specified 
condition  level.  The  user  inputs  the  minimum  acceptable  PCI  level  for  various  branch 
use/pavement  rank  combinations,  and  the  unit  costs  of  repair  for  a  particular  surface 
type  and  PCI  condition  range.  Inflation  rates  can  be  input  and  varied  to  demonstrate 
their  effect  on  budget  needs.  The  Budget  Planning  Report  predicts,  for  each  pavement 
section  selected,  the  year  in  which  the  minimum  PCI  is  reached  and  calculates  the  cost 
of  repair. 

Inspection  Scheduling 

The  Inspection  Schedule  Report  (Figure  11)  is  used  to  prepare  a  5-year  plan  of  the 
list  of  pavement  sections  which  should  be  inspected  each  year  based  on  minimum 
acceptable  PCI  condition  level  and  rate  of  deterioration.  For  each  branch  use/pavement 
rank  combination  being  considered,  the  user  inputs  the  PCI  value  below  which  condition 
inspections  should  be  performed.  The  user  also  inputs  the  maximum  number  of  years 


between  inspections  for  four  different  pavement  deterioration  rates  (loss  of  PCI  points 
per  year). 

Determination  of  M&.R  Needs 

Several  reports  are  available  to  help  the  user  determine  the  M<5cR  needs  of  a 
pavement  section.  The  latest  PCI  and  predominant  cause  of  distress  (structural, 
climatic,  etc.)  are  required  for  the  M&R  decisionmaking  process.  The  pavement  section's 
rate  of  deterioration  would  also  be  useful.  The  Condition  History  Report  (Figure  12) 
provides  the  user  with  a  plot  of  PCI  over  time  for  a  particular  pavement  section.  The 
plot  shows  the  PCI  at  each  inspection  date  and  extrapolates  a  point  5  years  beyond  the 
last  inspection  date. 

If  routine  maintenance  such  as  crack  filling  or  spall  repair  is  ail  that  a  particular 
pavement  section  needs,  the  M&R  Report  can  be  used  to  estimate  the  type  and  cost  of 
routine  repair  based  on  a  maintenance  policy  input  by  the  user.  The  M&R  Report  (Figure 
13)  can  also  be  used  to  compute  the  cost  of  applying  an  overlay  after  repairing  distress. 
Similar  to  the  M£cR  Report  which  applies  a  maintenance  policy  to  a  particular  section, 
the  Network  Maintenance  Report  (Figure  14)  allows  the  application  of  a  maintenance 
policy  to  all,  or  a  portion,  of  the  pavement  network.  This  report  can  be  used  to  estimate 
the  type  and  cost  of  routine  repair  across  the  entire  network  for  annual  work  plans,  or  on 
a  section  by  section  basis. 

Both  the  M&R  and  Network  Maintenance  Reports  are  based  on  the  agency’s 
maintenance  policy  which  is  stored  in  the  Micro  PAVER  data  base.  An  example  of  a 
maintenance  policy  is  shown  in  Figure  15.  For  each  pavement  section  being  considered, 
the  reports  access  the  most  recent  condition  distress  information,  select  the  routine 
repair  techniques  recommended  in  the  agency's  maintenance  policy,  and  display  both  the 
type  of  repair  and  the  cost  required  to  perform  it. 

Economic  Analysis 

For  any  given  pavement  section,  several  repair  alternatives  may  be  considered 
feasible.  The  Economic  Analysis  Report  (Figure  16)  can  be  used  to  analyze  these 
alternatives  on  a  life-cycle  cost  basis  and  select  the  most  cost-effective  alternative.  The 
user  inputs  initial  costs,  periodic  maintenance  costs,  and  one-time  future  maintenance 
costs.  The  Economic  Analysis  Report  provides  the  user  with  the  initial  cost  and 
equivalent  uniform  annual  cost  per  square  yard.  The  program  allows  the  user  to  vary 
interest  rates,  repair  costs,  and  timing  so  that  their  effect  on  the  alternatives  can  be 
analyzed. 
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4  MICRO  PAVER  IMPLEMENTATION 


Version  1.0  of  the  Micro  PAVER  program  was  released  to  the  Federal  Aviation 
Administration  in  October  1986.  Program  distribution  began  early  in  1987.  In  this 
chapter,  system  requirements  for  the  program,  distribution  plans,  and  future 
developments  will  be  discussed. 


System  Requirements 

The  Micro  PAVER  program  was  designed  for  IBM'Compatible  personal  computers. 
A  hard  disk  drive,  with  a  recommended  20  MB  or  more  storage  capacity,  is  required.  In 
addition,  640K  Random  Access  Memory  (RAM)  is  necessary  to  operate  this  program. 
Version  2.0  (or  higher)  of  MS-DOS  is  the  required  operating  system. 


Distribution 

The  Micro  PAVER  program  is  currently  being  distributed  through  two  user  support 
centers:  the  APWA  and  the  PSSC,  established  by  USA-CERL  and  currently  operated  by 
the  University  of  Illinois,  Office  of  Continuing  Education.  Each  center  will  be  providing 
the  same  updated  version  of  the  program  and  User's  Guide,  but  will  be  providing  different 
types  of  support  to  users  for  slightly  different  fees. 

Addresses  for  the  Support  Centers  are: 

American  Public  Works  Association 
1313  E.  60th  Street 
Chicago,  Illinois  60637 
(312) 667-2200 

Pilot  Strategic  Support  Center 
University  of  Illinois 
Office  of  Continuing  Education 
302  E.  John  Street 
Champaign,  Illinois  61820 
(217) 333-2882 


Future  Developments 

The  development  of  new  capabilities  for  the  Micro  PAVER  program  continues  at 
USA-CERL.  As  additions  or  new  techniques  are  completed,  updated  versions  of  the 
program  will  be  made  available  to  users.  The  following  additions  are  expected  to  be 
added  to  the  program  soon: 


•  Database  Additions 
Traffic 

Work  Requirements 
Material  Proper’ies 


I  1 


Data  Entry/Modification 


iwivwnnvwuvuti 
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Ability  to  Change  Key  Fields  (e.g.,  Branch  Number,  Section  Number) 

•  New  Reports 

Inspection  Summary 

Nondestructive  Deflection  Testing  (NDT) 

Traffic 

Work  Requirements 
Material  Properties 

•  New  Technology/Reports 

Graphics 

Family  Deterioration  Curves 
Preventive  Maintenance 
Combined  Budget/Frequency  Report 
Optimization 
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5  SUMMARY 


This  report  documents  the  development  of  Version  1.0  of  the  Micro  PAVER 
Pavement  Maintenance  Management  Program.  Micro  PAVER  is  based  on  the  concepts 
used  in  the  mainframe  PAVER  System  and  can  be  used  to  optimize  the  allocation  of  MicR 
funds  at  airports,  cities,  counties,  and  military  installations. 

The  background  development  of  the  PAVER  System  and  the  application  of  the  same 
maintenance  management  concepts  in  the  Micro  PAVER  program  were  discussed. 
Details  documenting  the  phases  which  comprised  the  development  of  the  Micro  PAVER 
program  were  outlined,  and  a  description  of  the  current  capabilities  of  the  program 
including  pavement  network  inventory,  project  prioritization,  determination  of  present 
and  future  network  condition,  budget  planning,  inspection  scheduling,  determination  of 
M&R  needs,  and  economic  analysis  was  presented.  Additional  capabilities  being 
developed  for  the  program  at  USA-CERL  were  also  discussed.  As  these  developments 
are  completed,  they  will  be  incorporated  into  future  versions  of  the  Micro  PAVER 
program.  Finally,  the  system  requirements  for  operating  the  program,  and  the  sources  for 
obtaining  the  copies  of  the  program  were  presented. 


PIGURE  1.  PAVEMENT  CONDITION  INDEX  (PCI). 


PAVEMENT  LIFE  CYCLE 


TIME 

FIGURE  t.  TYPICAL  PAVEMENT  CONDITION  LIFE  CYCLE. 
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TABLE  1.  MICRO  PAVER  DATA  ELEMENTS 


Br^nqh  Dffjni tign 

Branch  Number 
Branch  Nam* 

Branch  Use 
Number  of  Sections 
Branch  Area 
Remarks 


3  Alpha-Numeric 
25  Alpha-Numeric 

7  Alpha-Numeric 

4  Integer 

8  Integer 

70  Alpha-Numeric 


Section  Definition 


Section  Number 

From 

To 

2one 

Section  Category 
Pavement  Rank 
Surface  Type 
Section  Length 
Section  Width 
Section  Area 
Last  Construction 
Slab  Length 
Slab  Width 
Number  of  Slabs 
Joint  Length 


3  Alpha-Numeric 
25  Alpha-Numer ic 
25  Alpha-Numeric 

4  Alpha-Numeric 
1  Alpha-Numeric 
1  Alpha-Numeric 

3  Alpha-Numeric 

4  Integer 
4  Integer 
9  Integer 
Date 

4  Real 
4  Real 

6  Integer 

7  Integer 


Inspection  Data 


Inspection  Date 
Riding  Quality 
Safety 

Drainage  Condition 
Shoulder  Condition 
Overall  Condition 
FOD 

Total  Number  of  Samples 
Sample  Number 
Sample  Type 
Sample  Unit  Size 
Distress  Code 
Distress  Severity 
Distress  Quantity 


Date 

3  Alpha-Numeric 
3  Alpha-Numeric 
3  Alpha-Numeric 
3  Alpha-Numeric 
3  Alpha-Numeric 
3  Alpha-Numeric 
3  Integer 

3  Alpha-Numeric 
1  Alpha-Numeric 
8  Integer 

4  Integer 

l  Alpha-Numeric 
4  Integer 
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TABLE  t.  (CONTD) 


Work  History 

Work  Type 

S  Alpha-Numeric 

Completed 

Date 

Manner  of  Accomplishment 

1  Alpha-Numeric 

Quantity 

10  Real 

Total  Costs 

7  Integer 

Material  Type 

3  Integer 

Thickness 

5  Real 

Remarks 

70  Alpha-Numeric 

Maintenance  Policy 

Policy  Number 

3  Integer 

Policy  Description 

30  Alpha-Numeric 

Distress  Code 

4  Integer 

Distress  Severity 

1  Alpha-Numeric 

Work  Type 

5  Alpha-Numeric 

NDJ 

Location 

4  Integer 

Station 

7  Real 

Date 

Date 

Temperature 

5  Real 

Load 

6  Integer 

Maximum  Deflection 

7  Real 

Basin  Area 

6  Real 

DSM 

6  Real 

Load  Transfer 

3  Integer 

I 


BRANCH  listing  report 

REPORT  DATE l  SEP/SS/I98A 
AGENCV  NUMBER >  USA-CERL 


BRANCH 

NUMBER 

BRANCH  NAME 

BRANCH 

USE 

BRANCH 
AREA  ISFI 

NUMBER 

OF  SfCTIIlNS 

THS 

R1830 

AS 

ILI9R 

TAXIWAY  W-S 

RUNWAY  IS- 30 

SOUTH  APRON 

RUNWAY 

TAX  tWAY 
RUNWAY 
APRON 
RUNWAY 

300000 

300000 

lOOOOO 

AOOOOO 

3 

1? 

3 

9 

TOTALS 

1300000 

?7 

FIGURE  4.  LIST  REPORT. 


INVENTORY  report 

AGENCY  NJMBER : 

REPORT  date-  AUG  '2  V  '  l®86 


BRANCH 

number - 
name 

JSE' 

SECTION 

NUMBER 

SECTION 

CATEGORY 

cone  pavement  surface 

RANK  r,PE 

AREA 

'SF 

AS 

SGUTH 

/  AP»ON 
APRON 

/ 

PROM: 

AC 

A 

N 

PRIMARY 

TO!  C 

PCC 

£0C 

total 

AREA : 

marls 

MAPlE 

/  ROADWAY/ 

CT  FROM! 

001 

LK  PK  RO 

PRIMARY  PCC 

TO!  END  OF  COURT 

?  • 

TQTAU 

AREA: 

RIS3C 

RUNWAY 

/  RUNWAY 
IS-3C 

/ 

FRO«  l 

At 

SAMPLE  UNIT 

N 

t 

PRIMAPY  PCC 

TO 1  SAMPLE  UNIT  S3 

s  i  ®S'. 

FROM! 

B1 

SAMPLE  unit 

N 

23 

PRIMARY 

TO!  SAMPLE  UNI 

“CC 

•  «e 

■  » 

SIRS’  v 

TOTAL 

AREA: 

N»  jQl-'  . 

RI331 
RUNWA  / 

/  runway 
13-31 

/ 

FPOrt: 

B1 

Bl 

N 

PP I MARY 

TO!  B«.3 

AC 

*.  "3  Y.‘ 

total 

AREA: 

1 T30  5'  ■ 

81836 

Runway 

.  runway 
19-36 

/ 

FROM: 

A1 

0 

A 

PR I MARY 

TO:  1300 

PCC 

eSSCC: 

total 

AREA: 

33*  ?r  “ 

FIGURE  5.  INVENTORY  REPORT. 
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«UMU 


PCI  REPORT 


'E=CPT  r...:g:  AuG  2‘,'1«8* 

-CE MCV  NUMBER: 


ESPN C* 

NUMBER  •' USE  •• 

'lAME 

section 

NUN 'RANK / SURE / ARE  A 1 SP ) 

LAST  last 

CONSTRUCT  inspect :cn 
DATE  Date 

pc: 

pa  -  apron 

SOUTH  APRON 

AC 

/  P  • 

CAT, 

PCC 

N 

/  aooooo 

CONE: 

SEP/30/lR*a  SEP  '30 ' 13ac 
AGE  <  VPS  >  :  .  0 

100 

NAPlE  /  ROACWAV 

•wle  ct 

001/  P  / 
CAT: 

PCC 

/  3000 

CONE: 

s 

R 1 S30  /  PUNWAV 
run wav  13-3C 

A1 

/  P  / 

CAT: 

ACC 

N 

t  a l R500 
ZONE: 

SEP/ 30/ 1963  JUL'll.l*S4 
AGE  t  VPS ) :  23. S 

37 

R 1 330  /  RUNWAV 

PUNWAV  12-30 

81 

/  P  / 

CATs 

PCC 

N 

/  a 19300 
ZONE: 

SEP  •'  30  /  1 968  SEP/33/ IRfeS 

AGE  ( VRS  > :  .0 

100 

p : 33 :  /  runwav 

R'JNWA  •  13-3: 

Bl 

/  P  / 

CATs 

AC 

N 

/  1T«000 

ZONE: 

JUN/1S/1973  JUN.  13-  :T~5 
AGE  <  VRS ) :  .0 

ioo 

Pi S3*  /  RUNWAV 
P'JNWAV  13  3t 

A1 

/  p  / 

CAT, 

PCC 

A 

/  aasooo 

ZONE: 

AUG/ 13/1978  AL3'!3/19?a 

AGE  <VRS>:  .0 

100 

FIGURE  6.  PCI  REPORT. 


FIGURE  7.  PRIORITIZATION  SCHEME, 


PCI  FREQUENCY  REPORT 


Aaenc  y  Na»e: 

Report  Date!  0CT/06/ 1986 


Branch  U»e  !  All 
Paveeent  Rank  t  All 
Surface  Typo  l  All 
Zona  t  All 
Section  Category  s  All 
Laat  Construct  ton  Datet  All 
PCI  i  All 


TABLE  OP  PCI  FREQUENCY  REPORT 
YEAR:  NOV  1900 


CONDITION 

PCI  RANGE 

NUMBER  OF  SECTIONS 

X  OF  SECTIONS 

TOTAL  area 

X  OF  area 

FAILED 

0  - 

10 

1 

33.33 

23000 

33.33 

VERY  POOR 

11  - 

23 

O 

.00 

0 

.00 

POOR 

26  - 

60 

2 

66.67 

30000 

66.67 

FAIR 

61  - 

S3 

0 

.00 

0 

.00 

GOOD 

36  - 

70 

0 

.00 

0 

.00 

VERY  GOOD 

71  - 

83 

0 

.00 

0 

.00 

EXCELLENT 

86  - 

100 

0 

.00 

0 

.oo 

TOTAL  NUMBER  OF  SECTIONS!  3 
AVERAGE  PCI  l  SS 
TOTAL  SECTION  AREA  :  73000 
NUMBER  OF  MISSING  VALUESi  0 


FIGURE  8.  PCI  FREQUENCY  REPORT. 


Agency  Name ; 

Report  Dates  0CT/06/ 1986 


Branch  Use  t  All 
Pavement  Rank  i  All 
Surface  T ype  s  All 
Zone  ,  AH 
Section  Cateqory  t  All 
Last  Construction  Dates  All 
PCI  ,  All 


PLOT  OF  PCI  FREQUENCY  REPORT 
YEARS  NOV  1990 


NO. 

SEC.  CONDITION 

1  33.33*  FAILED  • 

O  .00%  V.POQR  «. 

2  66.67%  POOR  ■ 

O  .00%  FAIR  • 

O  .00%  GOOD  • 
O  .00%  v.GOOD  • 
O  .00%  EXCEL  ! 

3  0 


i - - - —  i , 

E  3 

NO.  OF  SECTIONS 


U 


TOTAL  NUMBER  OF  SECTIONS! 
AVERAGE  PCI  , 
NUMBER  OF  MISSING  VALUES l 


FIGURE  8.  (CONT*D). 
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Aq«rvc  v  Nam*  i 

Report  Dotes  OCT/06/ 1986 

Branch  use 

s  All 

Pavement  Rank 

t  All 

Surface  Typa 

i  All 

Zone 

l  All 

Section  Cateoory 

s  All 

LOst  Construction 

Dates  All 

FCI 

s  All 

SECTION  LIST  OF  FCI  FREQUENCY 

REPORT 

YEARS  NOV  1990 

BRANCH 

SECTION 

LAST 

LAST 

PRED 

number/  use  / 

NAME  NUM  /RANK/SURF/  AREA 

INSPECTION 

FCI 

PCI 

R1831  /  RUNWAY  / 
RUNWAY  18-31 
*1831  /  RUNWAY  / 
RUNWAY  18-31 
R1831  /  RUNWAY  / 
RUNWAY  18-31 


/ 

P 

PCC/ 

83000 

SEP/30/ I9B0 

*8 

o 

/ 

P 

/ 

PCC/ 

83000 

SEP/30/ 1*83 

S3 

89 

/ 

P 

/ 

PCC/ 

83000 

SEP/30/ IBS* 

as 

38 

TOTAL  NUT18CR  OF  SECTIONS i 
AVERAGE  FCI  , 
NUMBER  OF  HISSING  VALUES ■ 


FIGURK  8.  (CONTD) 


FIGURE  9.  PCI  PREDICTION  TECHNIQUE. 


Agency  Name: 

Rec=rt  Dates  JUL/21  /  IRS'? 


Budget  Planning  Report 


B'  aneb  Use  : 

Pavement  Rank 
Surface  Type 
Zone  : 

Section  Category 
Last  Construction  Date: 
PCI  : 

Inflation  Rate  s 


A  1  I 
A  1  1 
A  1  1 
A 1  1 
All 
A 1  1 
A 1  1 


Table  of  Budget  Planning  Report 
(Costs  in  thousands  of  dollars) 


Pavement 

Rank 

1986 

Year  to  Repair 
1969  1990 

1991 

199c 

1993 

Pr  unary 

eioo.oo 

1249.60 

103.04 

4373.42 

344.06 

.  00 

Total  Cost 

2100.00 

1249.80 

103.0k 

4375.43 

344 . 08 

.00 

Total  Number 

of 

Sections  Repaired 

s 

IS 

Total  Number 

of 

Sections  Not 

Need i ng 

Repair  t 

6 

Total  Number 

of 

Hissing  Values 

1 

0 

FIGURE  10.  BUDGET  PLANNING  REPORT. 
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Budget  Planning  Report 


■-‘gene.  Name: 

:»co't  late:  .tul '21 ' 1907 


Branch  Use 

:  A 1  1 

Pavement  Rank 

:  All 

Surface  Type 

t  All 

Zone 

:  A 1  1 

Section  Category 

:  A 1  1 

Last  Construction 

Date:  All 

PCI 

:  A 1  1 

! nf 1  at . on  Rate 

l  7;00 

Plot  of  Budget  Planning  Report 


Cost  o'  year  to 
Repair  Repair 


2100.00  19BB 


1249. BO  1909 


103.04  1990 


4375.43  1991 


344.06  1992 


.00  1993 


0172.33 


1094  2168 

Coat  in  Thousands 


3282 


4  376 


Total 
Total 
"  o  ta  l 


Number  of  Sections  Repaired  i 
Number  of  Sections  Not  Needing  Repairs 
Number  of  Nissmg  values  i 


IS 

6 

0 


FIGURE  10.  (CONT*D). 


Budget  Planning  Report 


Age-c  .  Name : 

Rero-t  Date:  .TJL'SI'I9B7 


Brarcn  use  :  All 

P*ve**nt  Park  :  All 

Surface  Type  :  All 

Zone  :  All 

Section  Category  :  All 

Last  Construction  Date:  All 

PC!  :  All 

Inflation  Rate  :  7,00  •/. 


Section  List  of  Budget  Planning  Reoo - t 
(Costs  m  tnousanos  of  dollars’ 


Yea'  to  Branch 

Recair  Nu»  '  Use 

Nuit 

Section 

i  /  Rank  /  Surf 

Pred 

PCI 

S/SE 

Section 
Area' SE • 

Cost 

(  S 1 OOv ■ s 

1980 

ARR09  /  RUNWAY 

09 

/  P 

/  AC 

61 

3. A3 

isoooo 

A  1  A  .  C  " 

1968 

ARRT8  /  TAXIWAy 

AS 

/  P 

/  AC 

8 

6.00 

90000 

sao.c : 

1 986 

ARTA  /  TAX  I WAY 

06 

/  P 

/  AC 

19 

3.33 

ASOOO 

SA9.73 

1988 

ARTA  /  TAX  1WAV 

08 

/  P 

f  AC 

38 

A.  60 

70000 

3ss . o: 

1988 

ARTA  /  TAXIWAY 

10 

/  P 

/  AC 

30 

3.00 

lOOOOO 

500.0 ' 

1988 

ARTA1  /  TAX  I WAY 

07 

/  P 

/  AC 

?A 

3.30 

3000 

36. 3C 

1988 

ARTA?  f  TAX  I WAY 

01 

/  P 

/  AC 

A9 

A. 03 

3000 

SO.  S3 

1988 

ARTBS  /  TAXIWAY 

OA 

/  P 

/  AC 

SO 

3.30 

3000 

S7.30 

19e9 

ARR09  /  RUNWAY 

01 

/  P 

/  AC 

66 

3.  SO 

8SOOOO 

733.36 

1969 

ARR09  /  RUNWAY 

06 

/  P 

/  AC 

71 

S.90 

S7600 

83.6- 

1969 

ARR09  /  RUNWAY 

08 

f  P 

/  AC 

66 

3. SO 

180000 

A 10. 80 

1990 

APACE  /  APRON 

OS 

/  P 

/  AC 

S8 

3.60 

S3000 

103.0- 

1991 

AS  /  APRON 

AC 

/  P 

f  PCC 

39 

3.33 

873000 

3796. *3 

1991 

AS  /  APRON 

DS 

/  P 

/  PCC 

60 

3.30 

1 33000 

378.03 

199? 

ARACE  t  APRON 

07 

/  P 

/  AC 

60 

3.30 

7300C 

3aa .oe 

Total 

Number  of  Sections 

Repaired 

t 

13 

Total 

Number  of  Sections 

Not 

Need i ng 

Repair • 

6 

Total 

Number  of  Hissing  Values 

1 

0 

FIGURE  10.  (CONTI)). 
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Ianr.ir.g  B»poft 


Age~c  y  \4ni«  : 

“•port  Dates  21/1987 


Branch  Use 

°avemert  Pant, 
Surface  Type 
-on* 

Section  Category 


I  All 
>  All 
I  All 
:  All 
:  All 


Last  Construe t i on  Dates  All 
PCI  t  All 

Inflation  Rate  l  7.00  •/. 


Summary  of  Data  for  the  Budget  Planning  Report 


Brancti  Pavement 
Use  Rank 


APRON  P 
runway  p 
TAM  I WAV  P 


Surface 

Type 


Mini mum  PCI  Table 

Year  of  Reoeir 


1“B8 

1989 

1990 

1901 

1992 

1993 

30 

33 

60 

60 

60 

60 

70 

75 

73 

80 

80 

80 

33 

33 

60 

63 

70 

70 

Unit  Repair  Cost 

Table 

(Cost 

in  SfSFl 

-so 

A I -60 

61-80 

81-100 

1.00 

*..00 

3.00 

l  .00 

i.OO 

*..00 

3.00 

8.00 

FIGURE  10.  (CONTD) 


v.*. 


Inspection  Schedule  Report 


Agency  N<iki>: 

Report  Date:  JUL'81/1987 


Branch  Use  :  A1 1 
Ps/ement  flank  :  All 
Surface  Type  s  All 
2one  s  All 
Section  Category  t  All 
Last  Construction  Date:  All 
PCI  ,  All 


Pavement 

Rank 


Table  of  Inspection  Schedule  Report 
Year  to  Inspect 

1988  1989  1990  199] 


1998 


i  99;- 


Pr i many 


C 


Total  Sections 
to  Inspect 


19  S 


e  o 


o 


0 


Total 

Total 

Total 


Number  of  Sections  to  Inspect 
Number  of  Sections  Not  Needing 
Number  of  Missing  Values 


i 

Inspectioni 

i 


81 

0 

0 


PIC U RE  11.  INSPECTION  SCHEDULE  REPORT. 
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Inspection  Schedule  Report 


Agency  N<«>f : 

Report  Cate:  JUL /2 1 / 1 987 


Branch  Use  I  All 
Pavement  Rank  :  A1  1 
Surface  Type  :  All 
Zone  1  A1 1 
Section  Category  .  pi  i 
_ast  Ccutruct.an  Date:  All 
PCI  :  All 


Plot  of  Inspection  Schedule  Report 


Number  of  Vear  to 
Sections  Inspect 

14  1988 

3  1989 

2  1990 


0  1991 


0  1992 


0  1993 


Number  of  Sections 


Total  Number  of  Sections  to  Inspect  ■ 
Total  Number  of  Sections  Not  Needing  Inspection: 
Total  Number  of  Nisftmg  Values  : 


FIGURE  11.  (CONT*D). 


Inspection  Schedule  Report 


Aq*ncv  Name: 

Report  Date:  JUL/21/1987 


Brener  Use 
Pavement  Rank 
Surface  Type 
Zone 


S  A1  1 
:  A1  1 
t  A 1  1 
i  All 


Section  Category  t  All 
Last  Construction  Date:  All 
PCI  s  All 


Summary  of  Data  for  the  Inspection  Schedule  Report 


Minimum  PCI  Table 


Branch  Pavement 
Use  Rank 


APRON  P 
Runway  p 
TAXIWAY  P 


Number  of  Veers  between  Inspections  Table 


Rate  of  Years  between 

Deter ioret ion  (pts/yr)  Inspections 


>  9 
b  -  9 
2-3 
<  2 


FfCURK  II.  (CONTD) 


:'■»  *  *  lT»" 


.’vr 


»V*V>vtV‘V 


CONDITION  HISTORY 


AGENCY  NAME l  USA-CERL  SAMPLE  DATABASE 
REPORT  DATE*  OCT/03/1986 


BRANCH  NAME:  RUNWAY  18-30 
BRANCH  USES  RUNWAY 
SECTION  NUMBERS  A1 
PAVEMENT  RANKS  PRIMARY 
SURE ACE  TYPES  PCC 


DATE 

PCI 

SU-PC 

SEP/30/ 1976 

100 

INSPECTION 

8EP/30/1989 

35 

PREDICTION 

BEP/Ol/1990 

30 

PCI 

lOO-!* 


80- 


60- « 
I 


60- 


80- 


-  ! - ! - ! - ! - ! - • - 1 - - - - - | - 1  - —  I 

77  79  81  S3  S3  87  89  91  93 


i - j 


YEAR 


FIGURE  12.  CONDITION  HISTORY  REPORT. 
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Agency  Nam* 
Report  Date 


USA-CERL 
SEP/83/ 196* 


M  fc  R  Report 


Branch  Name 

-  RUNWAY 

12-30 

Slab  Length 

ao.oo  lf 

Branch  Number 

-  R1230 

Slab  Width 

23.00  Lc 

Section  Number 

-  B1 

Number  of  Slabs  - 

>.*.0 

Inspection  Date 

-  OCT/22/ 19B2 

Section  PCI 

63 

Distress 

Die 

Oist-Oty 

Work 

Total 

Type 

Sev 

Work-Oty 

Type 

Cost 

LINEAR  CR 

L 

230 

SLABS 

3623 

LF 

Crack  Sealing  -  PCC 

5623 

LINEAR  CR 

M 

4* 

SLABS 

oo 

LF 

Crack  Sealing  -  PCC 

JT  SEAL  dug 

L 

LAO 

SLABS 

0 

LF 

Joint  Sealing  -  Bituminous 

'• 

Small  patch 

L 

129 

SLABS 

316 

SF 

Patching  -  PCC  Partial  Depth 

645': 

Small  PATCH 

M 

<♦ 

SLABS 

16 

SF 

Patching  -  PCC  Partial  Depth 

2 

LARGE  PATCH 

L 

173 

SLABS 

21623 

SF 

Patching  -  PCC  Full  Depth 

1 29730 

LARGE  PATCH 

M 

17 

SLABS 

2123 

SF 

Patching  -  PCC  Full  Depth 

12730 

SHRINKAGE  CR 

9 

SLABS 

--  No  Maintenance  Policy  Available 

-- 

Overlay  -  AC  Structural 

3300000 

Total  3634803 


FIGURE  13.  M&R  REPORT. 
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Network  HtlnMntne*  Report 


Aqencv  Non*  - 

Report  Dote  -  0CT/04/ I7S6 


Branch  Uee 

t 

All 

Pavement  Rank 

1 

All 

Surface  Type 

t 

Alt 

Zone 

t 

All 

Section  Category 

t 

All 

Loot  Construction 

D«t«( 

All 

PCI 

s 

Free  1  To  46 

Branch  Name 

-  RUNWAY 

it-ai 

Slab  Length 

90.00  LF 

Branch  Number 

-  R1C31 

Slab  Width 

E9.00  LF 

Section  Number 

-  A1 

Number  of  Slabs  * 

CO 

Inspection  Date 

-  SEP/30/ISS9 

Section  PCI 

99 

Die 

Dlst-Oty 

Work 

Total 

Distress  Type 

Sev 

Werk-Oty 

Type 

Cost  (0) 

43  LINEAR  CR 

L 

•  BLABS 

79  LF 

Crock 

Sealing  -  AC 

79 

43  LINEAR  CR 

ft 

4  SLABS 
190  LF 

Crack 

Sealing  -  AC 

190 

49  JT  SEAL  DUG 

H 

CO  SLABS 
B000  LF 

Joint 

Sealing  -  Bituminous 

3000 

71  FAULTING 

L 

1  SLABS 

CS  LF 

Under  seal  ins  -  PCC 

900 

79  CORNER  SPALL 

ft 

3  BLABS 

1  SF 

Patching  •  AC  Shallow 

7 

Total 

3738 

FIGURE  14.  NETWORK  MAINTENANCE  REPORT. 
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Agency  Name  - 

. 

Report  Dote  -  OCT/Ot/lllt 

■ranch  Use  i 

All 

Pavement  Ranh  i 

All 

Surface  Type  > 

All 

Zone  i 

AU 

Section  Category  « 

All 

Last  Construction  Oatei 

All 

PCI  j 

Prom  1 

To  66 

■ranch  Name  -  Runway  18-31 

Slab  Length 

30.00  LP 

Branch  Number  -  R1831 

Slab  Width 

83.00  LP 

Section  Number  -  Cl 

Number  of  Slabs  - 

80 

Inspection  Date  -  SEP/30/  168** 

Section  PCI 

63 

Dis 

Dist-Oty 

Work 

Total 

Distress  Type  Sew 

Work' 

-Qty 

Type 

Cost  <*> 

63  LINEAR  CR  N 

6 

SLABS 

ISO 

LP 

Crack  Sealing  -  AC 

130 

6S  JT  SEAL  DN6  L 

80 

SLABS 

8000 

LP 

Joint  Sealing  -  Bituminous 

3000 

71  PAUL TING  L 

I 

SLABS 

83 

LP 

Undersealing  -  PCC 

300 

FIGURE  14.  (CONTD). 
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Agency  Hamm  - 

Report  Date  -  OCT /OA/ 1986 

Branch  Use  I  All 

Pavement  Rank  t  A1 1 

Surface  Type  l  All 

Zone  i  All 

Section  Category  i  All 

Last  Construction  Datei  All 

PCI  <  Pro*  1  To  66 


Work  Type  Summary  Table 
■ranch/ 


Work  Type 

Section 

Work-Qty 

Cost  <•> 

Crack  Sealing  -  AC 

R1C31 

At 

BBS  LP 

*  BBS 

R1E31 

Cl 

ISO  LP 

130 

Total  i 

373  LP 

373 

Joint  Sealing  -  Bituminous 

R1B31 

At 

BOOO  LP 

3000 

R1B31 

Cl 

EOOO  LP 

3000 

Total  i 

6000  LP 

6000 

Undersealing  -  PCC 

R1S3I 

AJ 

B3  LP 

300 

R1H31 

Cl 

BS  LF 

300 

Total i 

SO  LP 

1000 

Patching  -  AC  Shallot* 

R1E3I 

Al 

1  SF 

7 

Total  i 

1  SF 

7 

Total  cost  of  all  work  <•>» 

7362 

FIGURE  14.  (CONT*D). 
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Policy  Number: 


I 


Policy  Description:  Roods  and  Streets 


L 


J 


Distress 

Svv 

Work  Type  l  Description 

Cost 

Uni  t 

1  alligator  cr 

M 

PA-AD  Patching  -  AC  Deep 

5.75 

sq.  ft. 

l  ALLIGATOR  CR 

H 

PA-AD  Patching  -  AC  Deep 

5.75 

sq.  ft. 

3  BLOCK  CR 

El 

PA-AD  Patching  -  AC  Deep 

5.75 

sq.  ft. 

10LH  CR 

El 

JS-BI  Joint  Sealing  -  Bituminous 

1 .00 

ft. 

10  L  fc  T  CR 

M 

JS-B1  Joint  Sealing  -  Bituminous 

1.00 

ft. 

S3  DIVIDED  SLAG 

H 

PA-PF  Patching  -  PCC  Full  Depth 

e.oo 

sq.  ft. 

S6  JT  SEAL  DMG 

H 

JS-SI  Joint  Sealing  -  Silicon 

8.00 

ft. 

SB  LINEAR  CR 

n 

JS-BI  Joint  Sealing  -  Bituminous 

1.00 

ft . 

SB  LINEAR  CR 

H 

JS-BI  Joint  Sealing  -  Bituminous 

1.00 

ft. 

3«  CORNER  SPALL 

H 

PA-A.S  Patching  -  AC  Shallow 

3.50 

sq.  ft. 

FIGURE  IS.  MAINTENANCE  POLICY, 


DATEs«  OCT / 10/ 1986 

PROJECTED 

COST  ANALYSIS 

(DETAIL) 

SECTION  IDi-R1330AI 

ALTERNATIVES-  4  INCH 

OVERLAY 

SECTION  AREA'S. Y . ) s -  3000.0  I 

LIFF  OF  ALTERNATIVES 

-  SO  INTEREST  RATEs-  7.0 

INFLATION  RATEs-  3.0 

HER  ACTIVITY 

YEAR 

COST'S) 

PRESENT  VALUE'S) 

FILI  MINOR  cracks 

1986 

3000.00 

3000.00 

PLACE  OVERLAY 

1986 

53000.00 

53000.00 

paint  lane  markers 

1986 

1500.00 

1500.00 

1  annual  total  S - 

56500.00 

56500.00 

fill  minor  cracks 

1989 

3000.00 

1783.98 

PAINT  LANE  MARKERS 

1991 

1500.00 

1339.83 

fill  minor  cracks 

1 993 

3000.00 

1591.39 

fill  minor  cracks 

1995 

3000.00 

1419.43 

PAINT  LANE  MARKERS 

1996 

1500.00 

1034.77 

fill  major  cracks 

1996 

3500.00 

1707.95 

1  ANNUAL  TOTALS- 

4000.00 

3738.71 

FILL  major  cracks 

1997 

3500.00 

1644.10 

fill  minor  cracks 

1998 

3000.00 

1366.1 1 

fill  major  cracks 

1998 

3500.00 

1583.64 

ANNUAL  TOTAL  S - 

4500.00 

3848.74 

fill  major  cracks 

1999 

3500.00 

1533.47 

fill  major  cracks 

SOOO 

3500.00 

1466.53 

fill  minor  cracks 

3001 

3000.00 

1139.36 

PAINT  lane  MARKERS 

S001 

1500.00 

847.03 

fill  major  cracks 

3001 

3300.00 

1411.70 

ANNUAL  TOTAL  S  > 

6000.00 

3388.07 

fill  major  cracks 

3003 

3500.00 

1358.93 

fill  major  cracks 

3003 

3500.00 

I30B.13 

fill  minor  cracks 

3004 

3000.00 

1007.38 

fill  major  cracks 

3004 

3500.00 

1359.33 

ANNUAL  TOTAL i - 

4500.00 

3366.60 

FILL  MAJOR  CRACKS 

3005 

3500.00 

1313.15 

INITIAL  COST  '  S  >  t  ■ 

56500. 

OO 

PRESENT  VALUE  <  S  >  I  - 

83383. 

91 

I  EQUIVALENT  UNIFORM  ANNUAL  COST'S) s>  77*7. 

03 

EUAC  PER  SO.  YD.  'Sis— 

3. 

88 

FIGURR  16.  ECONOMIC  ANALYSIS. 


